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AF^s^rRAcrr 

i)-ilierf*ril Jiariiples ofsodiina argentothiosulphate liavc been prepared by alcoholic 
|H*ei:ijiitatiiiri from a sohitkin of silver halide (chloride or bromide) in a concentra- 
tccl sidiitirai cif sodiiim thir>,Hiilphatc, The various properties of the isolated products 
have beeri ^tnclieci *i‘he results of analysis of the product gave the composition as : 
Ag;5|H5|C>^3, *1X4, ),p 21 1/ )y for all the samples, llic valency of the complex ion was 
delcriTiin«al hy e.tiagalaiiou of a |> >sitively diarged ferric oxide sol with standard solu- 
tion of die iamijilex r'omi'>uuiKl and l>y comparing the coagulation values with those 
for eieciroiyiC'H of kttowti valenries. The values showed that the complex radical was 
bivaleril in di 4 r»irier. Chi a sysiematie study of the formation of complex argento- 
tliiosiilplnitri ii h>%% Imnt ronriuded in an eu’Iier communication, that only mono- 
aiitl iri^vaknit i::uiii|il?*x ariioii^ , ire iapalde rT existence in a solution of silver halide 
ill socltiirii ilii*i!iiil»diate. (ht the other hand quantitative analysis leads to a formula 
wliidi clocfi liMi eoireqmrnl widi any of tliose already arrived at The isolated 
prodiirl rotiiiiiii-** a «im1i larger proponinu <»f thiosulphate and it is therefore evident 
dial the liivaleiii'v of the prrdoiniiiaiit ion thitisulphate is responsible for the abnormal 
cristgidatioii v;i!iir,^ fiTr ihtM4aii|4ro^ It has been emphasized that in order to 
olitAiii ;i iriie foriiiiila i»f niiy «a>-ordinalion compound physico-chemical methods 
ifiitst be aclripief! m ilr forniiiffi obiained by holaticm and subsequent analysis always 
iiieliide tli*tee ol'dotilile salu and ab^u'ption complex^ as well. 
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It is well known that tin; removal ofsilviT liali!!'' io /nH'iui UumsuI- 
pliatc solution during ftxaUon of photograpldt in’saiivs s iioohfs the 
formation of complex coinpomuh. 'rin* invr»i! of argeatfj- 

thiosulphatcs have been of (■misitlrralrl*' tniooot ami rompomitiH of 
different compositions have been isoluteil from ilu* voljjiion by v.irjtnis 
workers. Mention may be made of tin* wfnk of Bainrs*. .hhI Sparu 
Murgulcscid who analysed some samples .md assi«pH*d forfmd.ie to 
the products. In an imjKHiaiit rommimicitiion ’ liaso i ;uid Lemon 
described the examination of the system X.i.S.t!,, AsiySgtl, 
at 25° and concluded the formaiiiin «»f the lbl!owim» l ompiex «*om- 
pounds : 

(i) Na3[Ag (8303)3], HjjO or 3 Ma. 8 /L, AgyS.tf,. 'illgll 

(ii) Nas[Ag3(S.A).,i, 21i^!) or 5N.i,S,(f.,. j } I/l 

(iii) N a I Ag (SgOa) ], Hat) or Na^SaC),,. AggS.,* 2 J |,(l 

(iv) Na[Ag3(S303)3],H/) or .\bi,S,it„ :»Ag SaU„ 21 latl 

Ihe div'crgent results recorded in iiier.itmt! hrd us to iuv'estigale 
the formation of argentotiiiosulpha**? complexes and in ;i retamt paper** 
we described our results on the cmnptrsiiions ofstteh eompoumls studied 
by the solubility method® devailved by us, for elm id.aimi of Iheformiihu* 
of complex compomids. 

In this paper we have descriheri tlte jirtrparaiion rmd iirojierties 
of Sodium argentothiosulphate obtained by atli oliolii: pre* i|ntaiion 
from a solution of silver halide (chloritie or bromide i in eotwentrated 
solution of sodium thiosulphate. 'I'he chemical t f.in|»«iiiou has also 
been determined by quantitative anuiysis. lucidentall) an allempl 
was made to determine the valency of the conijilex itm liy tlm coagula- 
tion of a colloidal solution of positively chargm! ferrit* oxide, a method 
smilar to that adopted by Ghosh and Dhur « for showing ttie bivalency 
the fluorideion. 

ExPKklMKNTAl. 

Preparation : 20 grams of ‘ AnalaR ’ silver nitrate was dissolved 

in water and silver halide was precipitated by ilie addition <»r eillier 

% 
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‘ AnalaR ’ hydroclUoric acid solution or a solution of chemically 
pure sotliuni l>rnniidc. 'Fhc precipitated silver halide was thoroughly 
washoil free from the precipitating (dectrolytes and then dissolved in 
a couccntratcd solution of sodium thiosulphate of ‘AnalaR’ quality, 
care being taken to use ttie minimum quantity of sodium thiosulphate. 
To tin; solution was added about 150 c.c. of absolute alcohol and the 
heterogemams mixture shaken vigorously when a white emulsion 
a[)pcared and later an oily liquid sej)aruted at the bottom of the vessel. 
Tliis oily liquid was sepavatetl by means of a separating funnel and 
received in an eva|>orating dish to which was then added a further 
quantity oi alcohol. On stirring with a glass rod, a white solid mass 
seiKirated out. 'flu: lumps w<‘re broken and washed throughly with 
alcohol and driet! at a room teiujjerature of about 30°. It was found 
that the tannpodiions of diderent samples, whether prepared from 
silver cltloride nr .silver bromide, were the same and the properties 
were also sitnilar, 

Pntjvrlm : I'he product has a colourless appearance and is 
fairly soluble in watrr, Mydrochlorit? acid sejiarates sulphur from the 
etunpoimd, with biisk evolution ofsulpluir dioxide while silver chloride 
does not separate out. Nitric acid beliaves in tlic same way as hydro- 
eldorie acid, and on htfiling a <dear solution is obtained. 

'i'he ci»m|»ound is ie.idiiy soluble in ammonium Iiydroxide, and on 
adding nitric mid to the ummoniacal solution, some white particles 
separate out which change through a series of colours' and finally become 
bltick, riiis is |)robabiy line to the formation of silver sulphide from 
the complex. VVlien on aqueous solution is reacted with silver nitrate, 
silver in the complex gets pereci})italed first as thiosulphate and finally 
changes to silver sulpldde. 

The compound does not fuse on licating, but burns with a bluish 
fiarru; and a black residue is left. The compound does not darken pn 
exposure to smdignt but an aiqueons solution when exposed to solar 
light for six hours assumed a sky blue tinge. Darkening of the solid 
occurs with lime and it becomes dark grey in a period of about six 
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months. Similarly an aqueous solution, uiuni kepi loi hnir months 
deposited silver mirror on the vessel. 

The compound responds to tin; tests Ion thiosulphate, l»ut the tests 
for silver are not obtained. 

Anolysis The analysis was eanitul out as (le*‘< j ibeil in tin* loiiou- 
ing lines ; Silver, thiosulphate and water ol t:ryst.dhsali»»n were deter 
mined, while sodium was found by diirereiice. The methods ol analy- 
sis are given below. 

Silver : — 0.4 gram of the comjKHUul was weighetl uct ttraleiy ami 
boiled vigorously with nitric aeitl to dceotttjKne the « omjtlex and Huh 
a solution of silver nitrate was obtained. .Slivet w;is lueripitalt ai fimn 
the solution as chloride and estimated as usual. 

Thiosulphate ; — ^Thiosulphate wa.s estimated by the meilicnl te('eitliy 
described by u.sh 0 .5 gram of the compound was arcur.itrly weighed 
dissolved in water and a solution of silver nitrate was addetl t«» it drop 
by drop with acca.sional stirring rill jirecipitatiotj was lauiipleie . The 
precipitate which was originally white gradually rlumget! u» yellow, 
red and finally became black, due to the conversion of silver thiosnl- 
phate to silver sulphide. I’lie pixcijniate was filierer! in a Orjcjeh 
crucible, washed with water and the lihrate w.is eoncentrated to a 
volume of about 200 c.c. From the filtrate batiurn ‘iulpiiate was prec i- 
pitated by the addition of barium nitrate, and sulphate estimated. The 
Gooch crucible containing the silver sidphide preripiiiHe was drteii 
in an oven at 12(P, till constant weight was atfaiiu-d. 11m tola! 
amount of sulphur containetl in the eomphtx was t ah ui.sted limn the 
weights of barium sulphate and silver sulphide : 

Total sulphur s» Weight of .silver sulphide ‘< 0. 1 29.17 

TWeight of barium sulpluite xO. I l/IB 

From the weight of sulphur the amount of o.xy«eu in was 

Galculated. 

Water of crystallisation 1 gram of tire compoum! was taken in 
a watch glass, and heated to a constant weight in ati air ov«*n at 120". 
The loss in weight gave the amount of water of crystallisation. 
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The average composition of the compound, arrived at by the 
analysis of a number of samples is given in table I. 


Table I 




Found 

Calculated 

Silver 

• 

21 .46% 

21 .69% 

Sulphur ... 


32.10% 

32.13% 

Ox:ygen (Calculated from the amount 
of sulphur) 

24.08% 

24.10% 

Sodium (by difference) 


18.66% 

18.46% 

Water of crystallisation 

* « * 

3.70% 

3.62% 



100.00% 

100.00% 


Formula : AgaSaOa. 4 Na 2 Sa 03 , 2HaO. 


Coagulation experiments : — ^'Idie determination of valency by the 
coagulation of solloidal solutions was first suggested by Freundlich,® 
and applied to show the bivalent nature of the lluoride ion by Ghosh 
and Dhar®. In this study a colloidal solution of positively charged 
ferric oxide was prepared by dispersing freshly precipitated hydrated 
Icrric oxide by acetic acid, and purifying as usual by dialysis. The 
amount of ferric oxide in the sol was estimated by evaporating a 
mea.sured volume to dryness, and finally heating strongly to a constant 
w'eight. 

- Concentration of the sol - 7 '69 grams Fe^Oa per litre 

For determining the coagulation values different amounts of the 
sol were taken in clean test tubes, and .measured volumes of electrolytes 
were added. The time of observation was half an hour. The ex- 
periments were conducted at 25° and the total volumes were kept 
10 c-c. in every case. 
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Coagulation with electrolytes 
Tabi-k n 

Volume of electrolyte required 

Volume of sol 

M/5 KGl M/4()0 K,SO., M/1500 M/2000 

KaFeiCN)* K^Fe/CN),, 

1 c.c. 2.1 c.c. 0.5 c.c. 0.5 c.c. 0.4 c.c. 

2 c.c. 2.8 c.c. 1.0 c.c. l.Or.c. 0.8 c.c. 

3 c.c. 3.4 c.c. 1.4 c.c. 1.5 c.c. 1.2 c.c. 

Coagulation with the complexes 
Table HI 


Volume of sol 


Volume of M/500 solutions of the comph:.scs 

Complex (I) Complex (2) 

froiti AgCl from AgBr 


1 c.c. 

2 c.c. 

3 c.c. 


0.45 c.c. 
0.80 c.c. 
1 .25 c.c. 


0.40 c.c. 
0.80 c.c. 
1 .20 c.c. 


From the above results we find that the coagiiiative power of the 
various electrolytes lie in the following order : 

K 4 Fe(CN)o>K 3 Fe(CN)e>CompIex(l) .~Complc.x (2) > K.S 04 > 

KCl 


The coagulation values due to the complex ion iic near that of 
sulphate ion, thus showing the bi valency of die complex. 
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It has already been said that a number of molecular compounds 
have been isolated from a solution of silver halide in sodium thiosul- 
phate. Our results on the composition of these complexes iloc. cit) 
have conclusively proved that only two complex anions, viz., [Ag^SaO;,)]" 
and [Ag(S 203 ).a]“^ are capabie of existence, their formation depend- 
ing on the concentration of sodium thiosulphate solution used. With 
a concentrated .solution of thiosul[)luite tlic reaction is : 

AgX -I- Na^S^Ou ^ Na.[Ag(S2()3)] 
when however, the thiosulphate concentration is lower, complex forma- 
tion takes place according to the equation : 

AgX -I- 2Na2S.A ^ Na,,[Ag(S203)2] 

The compound Na[Ag(Sa 03 )] was prepared by workers including 
Richards ami Faber®, Rosenheim and coworkers^® and Baines 
{be. cit), whereas NaafAgCSaOa}^] was jnepared, in comparatively 
recent year.s, by Spacu and Murgulcscu {loc. cit) . The other compounds 
reported by Basset and Lemon {be. cit) seem to be double compounds 
or ad.sorption complexe.^-, incorporating the two complexes with indefi- 
nite amounts of tftiosulpnate associated. 

Our rc.sult.s described in this paper lead us to the formula : 
AgaSyOg, INaaS-aCg, 2 H 2 U, for the isolated product. On the other 
hand from the solubility results it is evident that the compound in 
presence of a higher concentration of thiosulphate should have been 
Na[AgSa 03 ]. It appears, therefore, that the isolated compound 
is an adsorption complex or a double salt. If the isolated compound 
would have been a true complex, the valency of the complex anion 
should have a value far greater than 4, The charge on the complex 
radical and thence its valency was determined by coagulation of a 
positively charged ferric oxide sol. The results indicate that the 
complex anion is bivalent, thus suggesting that this coagulation value 
is mainly due to the thiosulphate ion which is present in large excess, 
as a double salt or adsorption compound. It seems that some of the 
compounds isolated by Baines also belong to this type of compounds. 
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It should, therefore, be reineinlH*re<! that obi.uuefi by 

methods of isolation and subsequent analysis are Kciiualh lu.f vciy 
reliable, as they always ii:clude in their ront|)ositic»n tliost* of adsoi i)- 
tion complexes and double salts as well. *‘rhes«' eom|>!ieatioi!S are 
liable to mask the clear composition ofthe true (o-ordimoion compounds 
formed. It is thus absulutcly necessary that in .idtliiioii It* usual 
analysis physico-chemical rneiittcls must be adopirai in order to eim i- 
date the exact compositions of the compl(;se.s that may b« foi toetl. 
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THEHMAL ionization of CALCIUlVl AND DETERMINATION 
OF SPECIFIC CHARGE OF Ca+. 

By 
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Now in C. S. I. R, Uiboratories, Delhi. 

(Gomtnunicated by Dr. B. N. .Sriv'ustava, D. Sc.) 

^ Abstract 

The thermal ionization ol* calcium hu.s been studied using the vacuum graphite 
furnace constructed by Saha and I’.indon, The specific charge of Ca+ has been 
determined by applying the space charge theory to positive currents under various 
potentials a.s explained in the paper on Lithium. The contribution of the terms 
h{T)&nA 1/ [T) for Calcintn in tluj ionization Formula tends to lower the 
effcctiveionization fiotcntial. The mean v.nluc of tin- energy of ionization is 
136*9 K. cak. The value of the .specific charge of calcium is 7.5 x e. s. u./gm. 

1. Introduction. 

The Space charge' theory for unipolar currents was developed 
by Srivastava and Bhatnagar ri944 a), and was applied by them 
( Srivastava and Bhatn|gar, 19 14 b) to clete -niine the efm for electrons 
from graphite. In a subsequent paper (Srivastava and Bhatnagar 1946) 
the theory was applied to dett;rmine the specific charge of Li* using a 
strong magnetic field to deflect off the electron.s and obtaining thereby, 
an effectively unipolar positive current; the r//nforthc positive particle 
is then obtained from the relation giving the variation of the positive 
current with voltage applied to the Faraday cylinder. 

In the present paper the same method has been employed to 
determine the specific charge of Ga* A study of the thcimal ioniza- 
tion of Calcium has also been made, the elements barium and stron- 
tium of the same group, having been studied by Srivastava (1940 a 
1940 b). 

A 47-2-2 
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2. Thermal Iojhzation or CJALcatiM. 

A detailed dest;ription of the apparatus anti dir expfrimeiital 
procedure has been given by Sri\'astava in ^li^ paper <m strontium. 
(Srivastava 1940 b). 

Due to lugh ionization potentia! of rtUcium tiJt2 r\ ) ilic trinpera- 
tures at which measurable ionization could be punhitcd in tin 
graphite furnace was higlier than hitlterio eniplo>f<i ia similiir ^^xpetj• 
merits. The side-furnace which contains the nietai u.is niodified to 
develop a temperature at which eak ium lias enough \ apout pressure to 
produce appreciable ionization. Existing data on the vaptnu presHurr; 
of calcium show tliat, in the region of the teinperatnrc: range .it wiiich 
the present measurements have been made, values of t In* viiftour prf;.wure 
of calcium are not available. The fiillowing procedure liatl, tlint-fore, 
to be adopted to get the values of the vapour pressure .u the dilietrnt 
temperatures used in the experiments. 

There are two sets of data available, one fnr solid state givenliy 
Rudberg (1934) and the otherfor liquiii state by Ruff and fiartmanu 
(1924) The data on the solid state are at lower and those on the liquid 
state are at higher temperatures than those in our esqjeriment There- 
fore, to get the values of vapour pressure fur our range of temperature 
the solid state data have been extrapolated to the meltitig puiiit of cal- 
cium, and similarly, the data on the liquid state liave bf.eii exi rapolated 
downwards to the melting point. The difference between the slopes 
of the curves so obtained agrees weU with tlie latent heat of fusion of 
calcium (cf, Srivastava’s paper on strontium) and sh »ws that the 
values of the vapour pressure for higher tempcraturcH, a-* read from 
the vapouf pressure curve for solid state by cxtrapolaung it to the 
melting point can be taken as corr^t* As a further die k the value 
of the vapour presure has also been calculated from the formula 

/ogi&(mm)-«^+8.15, 

as given by Rudberg. 

The calculated values agree well with those obtained by graphi- 
cal extrapolation. A mean of these two values has been utilized to 
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get the vapour pressure in the side tube containing calcium. Know- 
ing the value of the vapour pressure // in the side tube at temperature 
T\ the value or\ai)Our pressure /> at temperature T in tlie main furn- 
ace is calculated from the ralatioti 

/;///' « J r 7 ", . 

Like barium and .strontium, for calcium also the contribution 
ofthe lerras b T and // 7’ occurring in the ionization formula 

log K ^log -- ^ ' l 'r-cmciog2. 

\-log b'^T)-logb T) . . . . U) 

(where the pre.ssures areexpres'«cd in atmospheres )i.s such that it tends 
to lower the effective energy of ion i '/at inn— -a fact wf icli accounts for 
the occurrence of calcium in a liighK ionized degree in thesun, where- 
as other elements, with much lower ionization p /tential, are much 
less ionized. 7’he values for the case of calcium as calculated from 
the energy staU's given b> Ihichcr and Goudsmidt, are 

^{T) -1,00029 at 2063" K 
A'( T)- 2.00097 at 2063^' K. 

Thus througlmut the temyrnrature range of our experiment we 
r>Ap assume /;(7 ) *= 1.00 and b' (7”) =»2.00 and the ionization formula 
(1) becomes 

log A »* - ^ log 7 “• 6.4794*2 log 2 . . (2) 

and A‘ from the theory of the experiment is given by (see Srivastava 

1940fl} 

. '2irkT /f^+d^ 

where r—tlie radius of the aperture in limiting diapliragm, 

d"* distance between the diaphragm and the effusion hole, 

A' -area of the effusion hole 

ig- and i/ are the negative and positive currents respectively, 
and all other quantities have their usual significance. 

The values of the currents if and if' occurring in the table are 
the zero-field values of the current obtained, as explained in 
the paper on thermionic work faction of graphite (Bhatnagar 1944). 


fil 


if fmi X Me 

' (i'or3>no«)“ 


. . (3) 
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Table I gives the results on the thermal ionization of ralcium in 
the temperature range 189irK to 206:i K. The mean value for the 
energy of ionization comes out to be 136.9 Reals which agrees with 
the spectroscopically determined value iS9 Reals within limits of 
experimental error. 


Table I 

Diameter of effusion hole ... 

Distance between effusion hole and diaphragm - 14.5 mm 

Sensitivity of the galvanometer 1 .25 ^ hr* amp/»nm 

Radius of limiting diaplu\ gm aperture »- |.2 mm. 


■ MeanTemp. of 

1 the graphite 

1 furnace. °K 

i Temp, ofaux. 
furnace °K j 

1 B 

■ s *-■ 

NHt 

^ X 

Pi p 

°.a 

( Pea 

mm.) in 
nain fur. 

hr 

mrn. 

^ + 1 og h' 

, (atmos.) 

mm. 

( in 
R Cals. 

2063 

1037 

2.755 

2.tT044 

j 156x100 

1 

i 

1 53 

i 13.7294 

1:18.7 

1973 

1047 

2.913 

2.9H33 

72 X loo 

^ 3-:l 

1 X 102:1 

1 : 37.7 

1960 

1047 

2.913 

2.9B33 

80 - 100 

' 30 

X09;$3 

137.6 

1955 

1047 

2:913 

1.9827 

80x100 

33 

1 iT\:m 

1:36.8 

1949 

1047 

2“913 

2.9820 

80 X 100 

2'l 

1 14.9952 ; 

137.7 

1942 

1022 

' f630 

2.7705 

1 

80 X 100 

27 

B,25G3 

134.6 

1931 

1027 

T.675 

i 

CO 

80x100 ! 

30 

B.2569 i 

133.9 

1917 

1027 

2.675 

"J.sin 1 

106x30 1 

15 

T4,.r>f)36 ; 

139,1 

1896 

1002 j 

j 

i 

2.440 

2.5797 j 

41x30 ! 

11 

14.7566 i 

l;35,7 

1828 

982 ! 

2.255 

2.3899 1 

58 X 30 : 

2 

Ta,8i55 ■' 






1 
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2. Determination of ejm 

It has alreadv been explained in our paper on the space charge 
effect that the specific charge of the particle carrying the current can 
be determined by applying the Space Charge theory provided the 
current is unipolar Tnis condition is experimentally realised by 
deflecting, with the help of a strong electromagnet, the electrons from 
the beam of the charged particles effusing out of the tiny hole in the 
graphite furnace and, thus pre\enting them from entering the inter- 
electrode space which, in our case, is formed b}- the diaphragm and 
the Faraday cylinder. The heavy ions (Ca'*‘) are little affected by the 
magnetic field and pass through the limiting diaphragm, and are 
collected by the Faraday evlinder to which a suitable negati\e poten- 
tial is applied. The current produced b\’ the charged particles is 
measured at various potentials on the Faraday cylinder Table II 
gives a typical set of observati ons. 

The relation between the cuiTcnt and the applied voltage on 
taking space charge effect into account is (Srivastava 1946) 

Table 11 


V in 
Volts 

. 

in mm 

0.5 

3-5 

1 

4 '5 

1.2 

5 

1.5 

6 

i 1.8 

6-5 

1 2 

7 

2.5 

8 

3 

9 

4 

12 

5 

13-5 


T-1793®, X’"2.1 cm., .d «=> sr x (.42)'-*, Gal. sens. = 1.25 x 10”® amp/mm. 
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approx. 


(4) 


where a* - distance between the diaphragm and the Faraday cylinder 
./4 -area of the aperture in the diaphragm. 


Plotting i against F (sec Fig. i f,/« fortiic Ca‘*'ion can be obtained 
from the slope of the curve. The value so obtaiticd i.s rjm » 7 j x 
e.s.u/gm which agrees very closely with the calculated value for ral- 
cium taking for e the value of electronic charge and for m the mass 
of Ga atom. 

This also identifies the particle producing positive rurient.s in 
the experiments on the thermal ionization of calcium with Ga’*’ 


The error likely to occur in tlic value of *//« cditained b> ih!.s 
method has been discussed by Srivastava (19 lb) and is about 15%. 



Fig. 1 
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